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§g£Oti^)^0N/0FF-r & X y =f- <D S9J«r« t. S fc , tta5ttffltf>§S;**WM5-r<6c:fc 
[ 0 0 3 8 ] 

mm<D®&zn v &t>m$imitft%fiftm<DWhnic £ oi«tsc t a* -e * . « » © m *j 

«a©aft#»BSfcra-«jgH«[a©«s»*ii»ttifi«ffciattnff, pj-if&acoajft 30 
*««*rsfcsmftw«»fr6mft-rsc £ # t» # s . 

[ 0 0 3 9 ] 
[ 0 0 4 0 ] 

fu KM 2002-086221^ UM fC fc^T«3gLfcffirt^xn«jfi2:&7t:7:i-h:i>y*l8g* 
HH>T, *«iE©*«»H»a:7*/l/**WT©J:5fc:*JiR*-*o #£j£-T3/g 40 

»aoaaofttPli:aoi«c»iu. c«^^^«fi|^^«ci:B?-5;- 0 & 81 frj Si « 

*»B*rJ&fiK-rSo & « frl nR « « tc , Aft*«ISfc©reilta<BfJ£©IEHIfc*5^T8fe'h 

^nB«t©iDW^^S-r-5C £ K J: o T , &ffift»ffiS§fC^A£n-§>(#&§g©*§3-)«fiH& 
[ 0 0 41] 50 



JP 2004-212416 A 2004.7.29 



mffimmm<Dmm&izz<T2>o ctuc^o. ^mummmic is if % xtim®.s&<»mmm 

Ktt$$h6^«t5li:t« Ci^TtS. & SI ftj iff fig lg( « fC , CCD — gPjgjgJlK^^MfC 

c (Dnmmzm lt mt} mm® icm a 2 tizmm®. <d%i < #«aii**G]±-r* 10 

[ 0 0 4 2 ] 

E^^\-rPffiii2^Tc:7^ h ^ -y * H fc ^ T 6 hu IS |3| ® IC . ffl*j*i&Kg<0«tt&® 

mxafliogttftj #«sfcE*ta5<oisi©ig**a«jfc:s£-r*c £ tc <t 
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(54) ELECTROMAGNETIC WAVE FREQUENCY FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electromagnetic 
wave frequency filter capable of transferring an electromagnetic 
wave having a prescribed frequency between two waveguides at 
high efficiency. 

SOLUTION: A resonator 15 which resonates to the 
electromagnetic wave having the prescribed frequency is 
arranged between an input waveguide 13 and an output 
waveguide 14 by being made to be close to both waveguides 13, 
14. The output waveguide 14 is made to be parallel with the 
input waveguide 13 in a prescribed extent 18 near the resonator 
18 and is made so that the distance with the input waveguide 
13 becomes longer than that in the prescribed extent 18 in 
extents other than the extent 18. As a result, the 
electromagnetic wave having the prescribed frequency is 
transferred between the waveguide 13 and the waveguide 14 
through the resonator 15. On the other hand, it is suppressed 
that electromagnetic waves other than the prescribed 
frequency which become noise are transferred between the 
waveguide 13 and the waveguide 14 in the extents other than 
the prescribed extent 18. This electromagnetic wave frequency filter can be suitably constituted using 
a two-dimensional photonic crystal. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

a) Input waveguide which guides an electromagnetic wave, 

b) Output waveguide which is the waveguide which guides an electromagnetic wave, and is arranged so that 
distance with said input waveguide in the predetermined range of the longitudinal direction may become 
smaller than distance with said input waveguide outside said predetermined range, 

c) The resonator which is arranged at said predetermined within the limits between said input waveguides 
and output waveguides, and resonates on the electromagnetic wave of a predetermined frequency, 

The electromagnetic-wave-frequency filter characterized by preparation ******. 
[Claim 2] 

The electromagnetic-wave-frequency filter according to claim 1 characterized by having two or more [ of 
said output waveguide ], and having the resonator which is between each output waveguide and said input 
waveguide, and resonates on the electromagnetic wave of a predetermined frequency for every output 
waveguide at predetermined within the limits. 
[Claim 3] 

The electromagnetic-wave-frequency filter according to claim 2 characterized by the resonance frequency of 
the resonator for said every output waveguide differing respectively. 
[Claim 4] 

The electromagnetic-wave-frequency filter according to claim 1 to 3 characterized by both said input 
waveguide, and output both [ either or ] having a flection at the end of said predetermined range. 
[Claim 5] 

The electromagnetic-wave-frequency filter according to claim 4 characterized by containing the resonance 
frequency of said resonator in the high permeability frequency band of said flection. 
[Claim 6] 

a) The two-dimensional photograph nick crystal which prepared the field where a refractive index differs 
from two or more bodies periodically arranged by the slab-like body, 

b) Input waveguide formed by preparing the defect of said different refractive-index field in a line, 

c) Output waveguide which is the waveguide formed by preparing the defect of said different refractive- 
index field in a line, and is arranged so that distance with said input waveguide in the predetermined range 
of the longitudinal direction may become smaller than distance with said input waveguide outside said 
predetermined range, 

d) The resonator which consists of the punctiform defect which is arranged at said predetermined within the 
limits between said input waveguides and output waveguides, and resonates on the electromagnetic wave of 
a predetermined frequency, 

The electromagnetic-wave-frequency filter characterized by preparation ******. 
[Claim 7] 

The electromagnetic-wave-frequency filter according to claim 6 characterized by being the donor mold 
punctiform defect formed when said punctiform defect makes a different refractive-index field suffer a loss. 
[Claim 8] 

The electromagnetic-wave-frequency filter according to claim 6 or 7 characterized by having two or more 
[ of said output waveguide ], and having the resonator which is between each output waveguide and said 
input waveguide, and resonates on the electromagnetic wave of a predetermined frequency for every output 
waveguide at predetermined within the limits. 
[Claim 9] 
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The electromagnetic-wave-frequency filter according to claim 8 characterized by the resonance frequency of 
the resonator for said every output waveguide differing respectively. 
[Claim 10] 

a) The hetero structure two-dimensional photograph nick crystal within a field which prepared two or more 
forbidden-band fields in the slab-like body, and prepared the field where a refractive index differs from two 
or more bodies periodically arranged by the body a period which is different for every forbidden-band field 
in each forbidden-band field, 

b) Input waveguide which is formed by establishing the defect of said different refractive-index field in each 
forbidden-band field at a line, and passes through all forbidden-band fields, 

c) Output waveguide which is the waveguide formed by preparing the defect of said different refractive- 
index field in a line for every forbidden-band field, and is arranged so that distance with said input 
waveguide in the predetermined range of the longitudinal direction may become smaller than distance with 
said input waveguide outside said predetermined range, 

d) The resonator which consists of the punctiform defect which is arranged at said predetermined within the 
limits between said input waveguides and output waveguides, and resonates on the electromagnetic wave of 
a predetermined frequency, 

The electromagnetic- wave-frequency filter characterized by preparation ******. 
[Claim 11] 

The electromagnetic-wave-frequency filter according to claim 10 characterized by being the donor mold 
punctiform defect formed when said punctiform defect makes a different refractive-index field suffer a loss. 
[Claim 12] 

The electromagnetic- wave-frequency filter according to claim 10 or 1 1 characterized by including a part of 
transparency frequency band of the input waveguide in each forbidden-band field in no input waveguide 
transparency frequency band of the forbidden-band fields in one of the forbidden-band field side, but being 
contained in the input waveguide transparency frequency band of all the forbidden-band fields located with 
it in the opposite side, and containing the resonance frequency in said resonator formed in each forbidden- 
band field in said some of transparency frequency bands. 
[Claim 13] 

The electromagnetic-wave-frequency filter according to claim 12 characterized by setting up so that the 
phase contrast of the electromagnetic wave which has the resonance frequency of the resonator of that 
forbidden-band field, and is reflected with this resonator in said each forbidden-band field in the distance 
between the resonators belonging to one [ said ] near interface and its near forbidden-band field with a 
contiguity forbidden-band field, and the electromagnetic wave which passes this punctiform defect on this 
frequency, and is reflected in a forbidden-band field interface may be set to pi. 
[Claim 14] 

The electromagnetic- wave-frequency filter according to claim 12 or 13 characterized by being the straight- 
line-like donor mold cluster defect formed by making three different refractive-index fields where said 
punctiform defect adjoins in the shape of a straight line suffer a loss. 
[Claim 15] 

The electromagnetic-wave- frequency filter according to claim 6 to 14 characterized by both said input 
waveguide, and output both [ either or ] having a flection at the end of said predetermined range. 
[Claim 16] 

The electromagnetic-wave-frequency filter according to claim 1 5 with which resonance frequency of said 
resonator is characterized by being contained in the high permeability frequency band of said flection. 
[Claim 17] 

The electromagnetic-wave-frequency filter according to claim 16 with which the different refractive-index 
field in said flection is characterized by different thing in either of a refractive index, a period, a 
configuration, or magnitude at least from other different refractive-index fields. 
[Claim 18] 

The electromagnetic-wave-frequency filter according to claim 6 to 17 characterized by some or all of said at 
least one resonator consisting of the ingredient from which a refractive index changes with the operations 
from the outside. 
[Claim 19] 

The electromagnetic-wave-frequency filter according to claim 1 to 18 characterized by setting up the 
distance between a resonator and the reflective section so that the phase contrast of the electromagnetic 
wave which prepares the reflective section which reflects in said output waveguide the electromagnetic 
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wave which has the resonance frequency of said resonator, and is introduced into output waveguide from a 
resonator, and the electromagnetic wave reflected by the reflective section may be set to 0. 
[Claim 20] 

The electromagnetic-wave-frequency filter according to claim 1 to 18 characterized by setting up the 
distance between a resonator and the reflective section so that the phase contrast of the electromagnetic 
wave which prepares the reflective section which reflects in said output waveguide the electromagnetic 
wave which has the resonance frequency of said resonator, and is reflected by the resonator, and the 
electromagnetic wave reflected by the reflective section may be set to pi. 
[Claim 21] 

The flection which said reflective section prepared in the edge of output waveguide, and the edge of said 
predetermined range, the flection prepared in locations other than the edge of the predetermined range, and 
the electromagnetic-wave-frequency filter according to claim 19 or 20 with which it is characterized by 
consisting of either of the interfaces with one [ said ] near contiguity forbidden-band field. 
[Claim 22] 

The electromagnetic-wave- frequency filter according to claim 1 to 21 characterized by said at least one 
resonator emitting a part of resonating electromagnetic wave to the exterior. 



[Translation done.] 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the frequency filter which takes out a predetermined light and the predetermined 
electromagnetic wave of a frequency from waveguide. This frequency filter is used in the field of optical 
communication etc. 
[0002] 

[Description of the Prior Art] 

In optical communication, in order to increase the amount of information which can be transmitted to unit 
time amount, one transmission line is made to spread the light of two or more wavelength (frequency), and 
the wavelength division multiplexing which puts a separate signal on each is used. In this wavelength 
division multiplexing, the light of each wavelength is mixed by the entrance side of a transmission line, and 
the mixed light is taken out for every wavelength by the outlet side. Therefore, the multiplexing machine 
and splitter, or wavelength filter (frequency filter) of light is needed. 
[0003] 

As for current, the array waveguide diffraction grating is used as such a splitter. However, in an array 
waveguide diffraction grating, quartz system optical waveguide is used, and in order to make loss of light 
small, in the present condition, what has several big cm angle extent usually must be used. Then, in order to 
attain the miniaturization of a splitter, the frequency filter which used the photograph nick crystal is 
examined. 
[0004] 

A photograph nick crystal is an optical functional material with periodic refractive-index distribution, and 
band structure is formed to the energy of a photon. It is the description that the energy field (photograph 
nick band gap) whose propagation of light becomes impossible especially is formed. By introducing a defect 
suitable during this photograph nick crystal, the energy level (defective level) by this defect is formed into a 
photograph nick band gap. By this, the existence only of the light of the frequency corresponding to the 
energy of defective level is attained among the frequency ranges corresponding to the energy in the above- 
mentioned photograph nick band gap. If the above-mentioned defect under crystal is made into a line, it will 
become the optical waveguide which spreads the light of a predetermined frequency, and if the defect under 
crystal is made into punctiform, it will become the optical resonator which resonates in the light of a 
predetermined frequency. 
[0005] 

In the two-dimensional photograph nick crystal which prepared periodic refractive-index distribution in the 
patent reference 1 by arranging a cylinder hole periodically in the shape of a triangular grid, what ([0029] 
drawing 1) waveguide is formed ([0025] drawing 1) and a point defect is formed for near the waveguide is 
indicated by by making this cylinder hole suffer a loss to a line. In the patent reference 1 , the point defect 
formed by enlarging the path of the cylinder hole periodically arranged as an example is examined. The 
splitter which takes out outside the light which has the resonance frequency of a point defect by this 
configuration among the light which spreads waveguide, and the multiplexing machine which introduces 
into waveguide from the exterior the light which has the resonance frequency of a point defect are produced. 



[0006] 

[Patent reference 1 ] 

JP,2001-272555,A ([0025], [0029], drawing 1) 
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[0007] 

Moreover, invention-in-this-application persons have proposed forming a cluster defect in application-for- 
patent No. 086221 [ 2002 to ] application by making into a defect two or more different refractive-index 
fields which adjoin among the different refractive-index fields which form periodic refractive-index 
distribution. The defect of a different refractive-index field forms the refractive index of the different 
refractive-index field by differing from the refractive index of other different refractive-index fields here. 
What has a refractive index higher than other different refractive-index fields is called a donor mold defect, 
and a low thing is called an acceptor mold defect. The defect formed by enlarging a cylinder hole given in 
said patent reference 1 is an acceptor mold defect, and the defect formed by not preparing a different 
refractive-index field is a donor mold defect. A cluster defect and the point defect which only one different 
refractive-index field is made to suffer a loss, and is formed are generically called a "punctiform defect.' 1 
[0008] 

In said application-for-patent No. 086221 [ 2002 to ] application, invention-in-this-application persons had 
two or more forbidden-band fields which have arranged the different refractive-index field a period different 
further, respectively, and have proposed the terrorism structure two-dimensional photograph nick crystal 
into the field which prepared the punctiform defect in each forbidden-band field. Also when this establishes 
the punctiform defect of the same configuration as each forbidden-band field, each point-like defect 
resonates in the light of a different frequency by the difference in the period of a different refractive-index 
field, respectively. 
[0009] 

In the patent reference 1 and the wavelength part multiplexing machine of application-for-patent No. 
086221 [ 2002 to ] application, installation and ejection of light are performed between waveguide and the 
exterior through the punctiform defect. On the other hand, what two straight-line waveguides are prepared in 
a two-dimensional photograph nick crystal, and a punctiform defect is established for between these two 
straight-line waveguides (refer to drawing 3 of the patent reference 2 and drawing 8) is indicated by the 
patent reference 2. By this configuration, the light which has the resonance frequency of a punctiform defect 
is introduced into the waveguide of another side from one waveguide. This serves as a multiplexing 
machine. Moreover, the light which two or more frequencies superimposed on one waveguide is made to 
spread, and it also becomes the splitter which takes out only the light of a predetermined frequency from 
there to the waveguide of another side. 
[0010] 

[Patent reference 2] 

** table No. 508887 [ 2001 to ] official report (drawing 3, drawing 8) 
[0011] 

[Problem(s) to be Solved by the Invention] 

If distance between waveguide and a punctiform defect is made small to extent to which transfer of light is 
performed among both, transfer of light will be performed between two waveguides. For this reason, in the 
configuration of the patent reference 2, transfer of the light which also contains components other than a 
predetermined frequency between two waveguides in locations other than a punctiform defect arose, and 
there was a problem that the cross talk of a signal happened. 
[0012] 

Although the optical separator and optical multiplexing machine using a two-dimensional photograph nick 
crystal were described as an example so far, also not only to light but to an electromagnetic wave, it is the 
same and the same problem arises also in the optical frequency filter (wavelength filter) and 
electromagnetic-wave-frequency filter which have configurations other than a two-dimensional photograph 
nick crystal. In addition, light shall be included when it is indicated as an "electromagnetic wave" below. 
[0013] 

The place which accomplishes this invention in order to solve such a technical problem, and is made into the 
purpose is to offer the electromagnetic-wave-frequency filter which can deliver and receive the 
electromagnetic wave of a frequency predetermined between two waveguides at high effectiveness. 
[0014] 

[Means for Solving the Problem] 

The electromagnetic- wave- frequency filter concerning this invention accomplished in order to solve the 
above-mentioned technical problem, 

a) Input waveguide which guides an electromagnetic wave, 

b) Output waveguide which is the waveguide which guides an electromagnetic wave, and is arranged so that 
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distance with said input waveguide in the predetermined range of the longitudinal direction may become 
smaller than distance with said input waveguide outside said predetermined range, 

c) The resonator which is arranged at said predetermined within the limits between said input waveguides 
and output waveguides, and resonates on the electromagnetic wave of a predetermined frequency, 
It is characterized by preparation ******. 
[0015] 

This electromagnetic-wave-frequency filter can be constituted using a two-dimensional photograph nick 
crystal. The electromagnetic-wave-frequency filter using the two-dimensional photograph nick crystal 
concerning this invention, 

a) The two-dimensional photograph nick crystal which prepared the field where a refractive index differs 
from two or more bodies periodically arranged by the slab-like body, 

b) Input waveguide formed by preparing the defect of said different refractive-index field in a line, 

c) Output waveguide which is the waveguide formed by preparing the defect of said different refractive- 
index field in a line, and is arranged so that distance with said input waveguide in the predetermined range 
of the longitudinal direction may become smaller than distance with said input waveguide outside said 
predetermined range, 

d) The resonator which consists of the punctiform defect which is arranged at said predetermined within the 
limits between said input waveguides and output waveguides, and resonates on the electromagnetic wave of 
a predetermined frequency, 

It is characterized by preparation ******. 
[0016] 

Moreover, this electromagnetic-wave-frequency filter can also be constituted using the two-dimensional 
photograph nick crystal which has the hetero structure within a field. The electromagnetic-wave-frequency 
filter using the two-dimensional photograph nick crystal which has the hetero structure within a field 
concerning this invention, 

a) The hetero structure two-dimensional photograph nick crystal within a field which prepared two or more 
forbidden-band fields in the slab-like body, and prepared the field where a refractive index differs from two 
or more bodies periodically arranged by the body a period which is different for every forbidden-band field 
in each forbidden-band field, 

b) Input waveguide which is formed by establishing the defect of said different refractive-index field in each 
forbidden-band field at a line, and passes through all forbidden-band fields, 

c) Output waveguide which is the waveguide formed by preparing the defect of said different refractive- 
index field in a line for every forbidden-band field, and is arranged so that distance with said input 
waveguide in the predetermined range of the longitudinal direction may become smaller than distance with 
said input waveguide outside said predetermined range, 

d) The resonator which consists of the punctiform defect which is arranged at said predetermined within the 
limits between said input waveguides and output waveguides, and resonates on the electromagnetic wave of 
a predetermined frequency, 

It is characterized by preparation ****** 
[0017] 

In the electromagnetic-wave-frequency filter using a terrorism structure two-dimensional photograph nick 
crystal into this field A part of transparency frequency band of the input waveguide in each forbidden-band 
field is included in no input waveguide transparency frequency band of the forbidden-band fields in one of 
the forbidden-band field side. As for it, it is desirable to be contained in the input waveguide transparency 
frequency band of all the forbidden-band fields in the opposite side, and to contain the resonance frequency 
in said resonator formed in each forbidden-band field in said some of transparency frequency bands. 
[0018] 

[Embodiment of the Invention] 

(1) The electromagnetic- wave-frequency filter concerning this invention 

The electromagnetic-wave-frequency filter of this invention has the resonator which resonates on the 
electromagnetic wave of one specific frequency component between input waveguide and output 
waveguide. Although it is the same as that of the electromagnetic-wave-frequency filter of the patent 
reference 2 that this electromagnetic-wave-frequency filter is equipped with these three components, in this 
invention, it has the description in these three physical relationship. It is making it the distance between 
input waveguide and output waveguide become the smallest in the predetermined range, and forming a 
resonator between the input waveguide of this predetermined within the limits, and output waveguide. 
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[0019] 

The reason considered as such a configuration is as follows. When input waveguide and a resonator join 
together in energy and a resonator and output waveguide join together in energy similarly, in this 
electromagnetic-wave-frequency filter, the electromagnetic wave which has the resonance frequency of a 
resonator between input waveguide and output waveguide is delivered and received. In order to enlarge 
reinforcement of the electromagnetic wave delivered and received, it is desirable to make small distance 
between input waveguide-resonators and between resonator-output waveguides, and to strengthen energy- 
association. Therefore, in the range in which a resonator exists, the smaller one of the distance between 
input waveguide and output waveguide is desirable. On the other hand, if distance between input waveguide 
and output waveguide is made small, the reinforcement of the electromagnetic wave delivered and received 
directly, without minding a resonator will increase. Since the electromagnetic wave which has frequencies 
other than the resonance frequency of a resonator is also delivered and received, this is not desirable. In 
order to avoid it, the larger one of the distance between input waveguide and output waveguide is desirable 
in addition to the range where a resonator exists. In order to fulfill both these two conditions, the 
electromagnetic-wave-frequency filter of this invention was considered as the aforementioned configuration. 

[0020] 

By this configuration, it can use as a splitter which separates the electromagnetic wave of a predetermined 
frequency spectrally into output waveguide from input waveguide. It can also use as a multiplexing machine 
which introduces the electromagnetic wave of a predetermined frequency into "input waveguide" from 
"output waveguide". [ in / for the same electromagnetic-wave-frequency filter of a configuration as this 
splitter / a splitter ] In this case, the "output waveguide" of a splitter turns into input waveguide of a 
multiplexing machine, and the "input waveguide" of a splitter turns into output waveguide of a multiplexing 
machine. In addition, when "input waveguide" and "output waveguide" do not have a special publication in 
this specification, the input waveguide and output waveguide of a splitter are pointed out. 
[0021] 

What has the configuration in which both input waveguide, and output both [ either or ] are crooked with an 
include angle as a typical configuration of the input waveguide of this invention and output waveguide on 
the boundary of said predetermined range can be mentioned. Moreover, a flection is not prepared but you 
may make it bend smoothly both input waveguide, and output both [ either or ] outside the predetermined 
range. 

[0022] In the <BR> flection, not all the electromagnetic waves that pass through said predetermined range 
of waveguide necessarily pass. Unlike frequency dependent [ of the permeability of the electromagnetic 
wave in said predetermined range of waveguide ], it depends on the structure of a flection for frequency 
dependent [ of the permeability of the electromagnetic wave which penetrates a flection ]. The 
electromagnetic wave of the frequency can be efficiently passed by optimizing the structure of a flection and 
the resonance frequency of a resonator being made to be contained in the high permeability frequency band 
which has the permeability beyond a predetermined value using this. Moreover, in a flection, the 
electromagnetic wave used as noises other than predetermined frequency can be made hard to pass, and a 
noise can be reduced. 
[0023] 

Furthermore, since the edge of output waveguide can be separated from input waveguide, it becomes 
possible to arrange the edge of output waveguide in a desired location. This was impossible in the output 
waveguide of the shape of a straight line of the patent reference 2. 
[0024] 

Two or more output waveguides may be prepared to one input waveguide. In this case, a resonator is formed 
between input waveguides for every output waveguide. By resonating on the electromagnetic wave of the 
frequency from which each resonator differs, the electromagnetic wave of a frequency different, 
respectively can be delivered and received between the input waveguide and each output waveguide which 
the electromagnetic wave which two or more different frequencies superimposed spreads. In addition, 
according to the configuration of the patent reference 2, since output waveguide has the shape of a straight 
line parallel to input waveguide, two or more output waveguides cannot be prepared. 
[0025] 

Spectral separation effectiveness or multiplexing effectiveness can be raised by preparing the reflective 
section in the side which does not perform the in-and-out force of an electromagnetic wave of output 
waveguide, and setting up the distance between a resonator and the reflective section appropriately. Such the 
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reflective section can be formed establishing the dead end (edge) in output waveguide, and by preparing a 
flection. The flection used as the reflective section here may be said flection prepared in the boundary of the 
predetermined range, and may be prepared apart from it. 
[0026] 

It is desirable in the case of a splitter, to set up the distance between a resonator and the reflective section so 
that the phase contrast of the electromagnetic wave spread to the opposite side (I/O side) of the reflective 
section among the electromagnetic waves introduced into output waveguide from a resonator and the 
electromagnetic wave which it is reflected in the reflective section and spread to an I/O side may be set to 0. 
Thereby, these two electromagnetic waves suit in slight strength by interference, and reinforcement of the 
electromagnetic wave taken out can be strengthened. In addition, in case an electromagnetic wave is 
reflected in the reflective section, a phase may change with the configurations of the reflective section. 
When a phase is reversed in the case of this reflection, distance between a resonator and the reflective 
section is made into (2n-l) of resonant wavelength / 4 times (n is the same a positive integer and the 
following). On the other hand, this distance is made into n/2 twice resonant wavelength when a phase does 
not change in the case of reflection. 
[0027] 

It is desirable in the case of a multiplexing machine, to set up the distance between a resonator and the 
reflective section so that the phase contrast of the electromagnetic wave reflected with a resonator among 
the electromagnetic waves which face to a resonator from the input waveguide (output waveguide of a 
splitter) of a multiplexing machine, and the electromagnetic wave which passes a resonator and is reflected 
in the reflective section may be set to pi. Thereby, these two reflected waves weaken each other by 
interference, and can strengthen reinforcement of the electromagnetic wave introduced into a resonator. In 
addition, as well as the case of the reflective section in case an electromagnetic wave is reflected with a 
resonator, a phase may change with the configurations of a resonator. This distance is made into (2n-l) of 
resonant wavelength / 4 times, when the phase of an electromagnetic wave is [ in / both / a resonator and the 
reflective section / neither of] reversed or a phase changes. Moreover, this distance is made into n/2 twice 
resonant wavelength, when the phase of an electromagnetic wave is reversed only in one reflection of a 
resonator or the reflective section and a phase does not change in reflection of another side. 
[0028] 

(2) The electromagnetic-wave-frequency filter concerning this invention using a two-dimensional 
photograph nick crystal 

Although the electromagnetic-wave-frequency filter described so far can also be constituted using the 
electromagnetic wave filter which used the dielectric waveguide and the ring resonator, it is suitable for it to 
use the two-dimensional photograph nick crystal described below in that loss of an electromagnetic wave 
can attain the miniaturization of equipment few. 
[0029] 

The two-dimensional photograph nick crystal electromagnetic-wave-frequency filter of this invention uses 
as a body the slab which is a plate with sufficiently thin thickness compared with the magnitude of field 
inboard, and uses as a parent the two-dimensional photograph nick crystal constituted by arranging 
periodically the field where a refractive index differs from it on this body. In the two-dimensional 
photograph nick crystal of this parent, a photograph nick band gap is formed of existence of a periodic 
different refractive-index field, and an electromagnetic wave with the energy within the limits of it cannot 
be existed. That is, the electromagnetic wave of the frequency band corresponding to it cannot pass a body. 
As an ingredient of a body, Si and InGaAsP can be used, for example. Although a different refractive-index 
field is a field which consists of an ingredient which has the refractive index from which a body differs, it 
has the cylinder hole indicated by said patent reference 1 as an example of a type. If it is a cylinder hole, it is 
[ that what is necessary is just to open a hole in a body ] easily producible rather than it arranges a certain 
member on a body. 
[0030] 

If a defect is prepared in a part of different refractive-index field periodically arranged in a body, periodicity 
will be disturbed there. By setting up parameters, such as a refractive index of a defect, and magnitude, 
appropriately, defective level can be formed into a photograph nick band gap, and the electromagnetic wave 
of the frequency corresponding to the energy of this defective level can exist now in the location of a defect. 
By preparing this defect in a line continuously, the waveguide which penetrates the electromagnetic wave of 
the fixed frequency range in a photograph nick band gap can be formed. In this invention, input waveguide 
and output waveguide are formed so that both distance may become the smallest in the predetermined range. 
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[0031] 

It is said predetermined within the limits, and a punctiform defect is prepared in the different refractive- 
index field between input waveguide and output waveguide. Any of the aforementioned point defect and a 
cluster defect are sufficient as this punctiform defect, and any of the aforementioned acceptor mold and a 
donor mold sufficient as it. By setting up parameters, such as a class of punctiform defect, magnitude, and a 
location, appropriately, predetermined defective level is formed into a photograph nick band gap, and only 
the electromagnetic wave of the frequency corresponding to the energy of defective level resonates in a 
defective location. That is, this punctiform defect serves as a resonator. 
[0032] 

By this configuration, the electromagnetic wave which has the resonance frequency of a resonator between 
input waveguide and output waveguide can be delivered and received. It can prevent delivering and 
receiving directly the electromagnetic wave which has the other frequency with it between input waveguide 
and output waveguide. 
[0033] 

In order to control that an electromagnetic wave leaks in the direction perpendicular to the crystal face from 
a resonator, and it is lost, as for a resonator, it is desirable that it is the donor mold punctiform defect who 
made the different refractive-index field suffer a loss. 
[0034] 

By preparing a flection in the boundary of said predetermined range of input waveguide or output 
waveguide, the distance of both waveguides can become the smallest in the predetermined range. The 
transparency frequency band of this flection is controllable by adjusting at least one parameter among the 
refractive index of the different refractive-index field in this flection, a period, a configuration, and 
magnitude. The electromagnetic wave of the other frequency can be made hard to be easy to pass the 
electromagnetic wave which has the resonance frequency of a resonator in this flection using this, and to 
pass. Thereby, a flection plays the role which reduces the electromagnetic wave used as noises other than 
the predetermined frequency in output waveguide. 
[0035] 

Also in a two-dimensional photograph nick crystal, spectral separation effectiveness or multiplexing 
effectiveness can be raised like the above by preparing the reflective section which changes from an edge, a 
flection, etc. to the opposite side by the side of the in-and-out force of the electromagnetic wave of output 
waveguide, and setting up the distance between a resonator and the reflective section appropriately. The 
conditions of this distance are the same as that of the above. In addition, in case an electromagnetic wave is 
reflected by the punctiform defect of a two-dimensional photograph nick crystal, in order to reverse the 
phase of an electromagnetic wave, it is necessary to set up the distance between the resonator-reflective 
sections in a multiplexing machine in consideration of the phase change of the electromagnetic wave 
reflected in the reflective section. 
[0036] 

It is the same as that of the above that the electromagnetic wave of single frequency different, respectively 
can be delivered and received between input waveguide and each output waveguide by preparing two or 
more output waveguides and forming the resonator which resonates on the electromagnetic wave of a 
different frequency for every output waveguide. 
[0037] 

There is an ingredient with the property in which a refractive index changes with the operations from the 
outside, such as light, a pressure, and heat. For example, in semi-conductors, such as an InGaAsP system 
and an InGaAlAsP system, that from which the density of electric charge changes and a refractive index 
changes exists by irradiating laser according to the band filling effectiveness of a quantum well. If such an 
ingredient is used for some or all of a resonator (punctiform defect), the resonance frequency in a resonator 
will change with change of the refractive index by external operation. This can deliver and receive the 
electromagnetic wave of a predetermined frequency between input waveguide and output waveguide only 
during external operation impression. It can avoid delivering and receiving the electromagnetic wave of 
predetermined frequency during external operation impression contrary to it. These play the role of the 
switch which carries out ON/OFF of the ejection (in the case of a splitter) to output waveguide, or the 
installation (in the case of a multiplexing machine) according to an external operation. Furthermore, the 
frequency of the electromagnetic wave delivered and received is also controllable by adjusting the strength 
of an external operation. 
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[0038] 

The output waveguide which delivers and receives an electromagnetic wave can be chosen by impression of 
an external operation by preparing two or more output waveguides and preparing these refractive-index 
variant part material for every resonator. If the resonator of resonance frequency which is different in two or 
more output waveguides, respectively is formed near the waveguide, output waveguide can be chosen 
according to an external operation, and the frequency of an output electromagnetic wave can be chosen. If 
the resonator of the same resonance frequency is formed in two or more output waveguides near the 
waveguide to it, the output electromagnetic wave of the same frequency can be outputted from different 
output waveguide. 
[0039] 

As mentioned above, although it is desirable to control since an electromagnetic wave's leaking in the 
direction perpendicular to the crystal face from a resonator is lost, it may be useful to make an 
electromagnetic wave reveal slightly from a resonator intentionally. For example, the reinforcement of the 
electromagnetic wave delivered and received between input waveguide and output waveguide can be 
measured by measuring the revealed electromagnetic wave. 
[0040] 

(3) The electromagnetic-wave-frequency filter applied to this invention using a terrorism structure two- 
dimensional photograph nick crystal into a field 

The electromagnetic-wave-frequency filter of this invention is constituted as follows using a terrorism 
structure two-dimensional photograph nick crystal into the field proposed in said application-for-patent No. 
086221 [ 2002 to ] application. A body is divided into the field of the same number as the number of the 
classes of frequency which carries out part multiplexing. This field is called a forbidden-band field. A 
different refractive-index field is arranged a different period for every forbidden-band field, and a common 
forbidden-band field is formed. Input waveguide is formed by preparing the defect of a different refractive- 
index field in a line continuously so that it may pass along all the forbidden-band fields. For every 
forbidden-band field, output waveguide is prepared so that distance with input waveguide may become the 
smallest in the predetermined range. A punctiform defect (resonator) is prepared in said predetermined 
within the limits between each output waveguide and input waveguide. As for this punctiform defect, it is 
desirable that it is a donor mold punctiform defect like the above. Since it is dependent on the period of a 
different refractive-index field, resonance frequency can control the frequency of the electromagnetic wave 
introduced into each output waveguide (in the case of a splitter) by setting up the period of a different 
refractive-index field for every forbidden-band field. 
[0041] 

Furthermore, it is desirable to make it a forbidden-band field located in a line with the ascending order or 
descending order of resonance frequency in the direction which an electromagnetic wave spreads in input 
waveguide. In arranging a forbidden-band field in the ascending order of resonance frequency, it makes the 
period of a different refractive-index field small at the order, and in arranging a forbidden-band field in 
descending order, it enlarges the period of a different refractive-index field at the order. It can avoid 
including a part of transparency frequency band of the input waveguide in each forbidden-band field by this 
in the input waveguide transparency frequency band of the forbidden-band field which adjoins in the 
direction of superposition wave propagation. The resonator which makes resonance frequency this 
frequency contained in part in a transparency frequency band is formed for every forbidden-band field. On a 
boundary with a contiguity forbidden-band field, total reflection of the electromagnetic wave passed in the 
splitter by this, without being introduced into a punctiform defect among the electromagnetic waves 
corresponding to the resonance frequency of a punctiform defect is carried out, and it returns to the 
punctiform defect again. Therefore, the rate of the electromagnetic wave introduced into output waveguide 
through this resonator can be made high, and spectral separation effectiveness can be improved. In a 
multiplexing machine, effectiveness can be improved similarly. 
[0042] 

Spectral separation effectiveness or multiplexing effectiveness can be raised by preparing the reflective 
section like the above also in a terrorism structure two-dimensional photograph nick crystal in the opposite 
side by the side of the in-and-out force of the electromagnetic wave of output waveguide into a field, and 
setting up the distance between a resonator and the reflective section appropriately. The conditions of this 
distance are the same as that of the above, that to which the reflective section in this case changes from an 
aforementioned edge, an aforementioned flection, etc. of output waveguide — in addition, what prepared 
output waveguide to the boundary with the contiguity forbidden-band field which does not penetrate the 
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electromagnetic wave of the resonance frequency of that resonator, and made that boundary the reflective 

section may be used. 

[0043] 

it be applicable similarly into a field that ON/OFF of the ejection of the electromagnetic wave to output 
waveguide or the installation can be carry out and that the reinforcement of the electromagnetic wave 
deliver and receive between input waveguide and each output waveguide by detect the leakage of the 
electromagnetic wave from a resonator be detectable to a terrorism structure two-dimensional photograph 
nick crystal electromagnetic wave frequency filter by use for a resonator the ingredient from which a 
refractive index change with external operations . 
[0044] 

[Effect of the Invention] 

It is high effectiveness, and the electromagnetic wave of a predetermined frequency can be delivered 
[ within the limits of predetermined / in which a resonator exists / by carrying out near of the distance 
between input waveguide and output waveguide, and other than this making both distance far then ] like this 
invention and received between input waveguide and output waveguide through a resonator. It can prevent 
delivering and receiving electromagnetic waves other than predetermined frequency among both 
waveguides with it. Moreover, in this invention, since the edge of output waveguide can be separated from 
input waveguide, it becomes possible to arrange the edge of output waveguide in a desired location, and it 
can output the electromagnetic wave of predetermined frequency to a desired location. 
[0045] 

As for this electromagnetic-wave-frequency filter, it is desirable to constitute using a two-dimensional 
photograph nick crystal. It can prevent an electromagnetic wave f s leaking from a resonator to the exterior, 
and being lost in the case of transfer of the electromagnetic wave of input waveguide and output waveguide, 
by using a donor mold punctiform defect for a resonator especially. Moreover, the reinforcement of the 
electromagnetic wave which is made to reflect the electromagnetic wave of the predetermined frequency 
which penetrates input waveguide on a forbidden-band field boundary using the hetero structure two- 
dimensional photograph nick crystal within a field, and is introduced into a resonator by things can be 
raised, and the effectiveness of transfer with input waveguide and output waveguide can be raised. 
[0046] 
[Example] 

As one example of the electromagnetic-wave-frequency filter concerning this invention, the example of 1 
configuration of the electromagnetic wave (light) frequency filter which used the two-dimensional 
photograph nick crystal for drawin g 1 is shown. On a body 1 1, the hole 12 which is a different refractive- 
index field is periodically arranged in the shape of a triangular grid. The input waveguide 13 is formed by 
making a hole 12 suffer a loss to a line. By making a hole 12 suffer a loss to a line similarly, in the 
predetermined range 18, the output waveguide 14 is formed so that it may separate from the input 
waveguide 13 in the other range in parallel with the input waveguide 13. The external waveguide 16 is 
connected to one edge of the output waveguide 14. The thin line waveguide which consists of the same 
ingredient as a body 1 1 can be used for the external waveguide 16. A trailer 1 72 is formed in the other end 
of the output waveguide 14 by what a hole 12 is formed for (the deficit of a hole 12 is not prepared). A 
trailer 172 serves as one edge of the predetermined range 18. The flection 171 of the output waveguide 14 is 
formed in the other end of the predetermined range 18. It is in the predetermined range 18 and the 
punctiform defect 15 is formed between the input waveguide 13 and the output waveguide 14. Here, the 
straight-line-like donor mold cluster defect formed by making three holes suffer a loss in the shape of a 
straight line is used. 
[0047] 

Actuation of the electromagnetic-wave-frequency filter of drawing 1 is explained using drawing 2 . To the 
input waveguide 13, two or more frequencies fl and the electromagnetic wave which f2, fh superimposed 
spread. Among these, the electromagnetic wave of the resonance frequency fk of the punctiform defect 1 5 is 
introduced into the output waveguide 14 through the punctiform defect 15. The electromagnetic wave 
introduced into the output waveguide 14 is taken out by the external waveguide 16 through a flection 171. 
[0048] 

In this configuration, when making it the input waveguide 13 and the output waveguide 14 not approach in 
range other than said predetermined range 18, it can control that transfer of the electromagnetic wave 
containing components other than a frequency predetermined between two waveguides arises. Moreover, 
since the punctiform defect 1 5 is a donor mold punctiform defect, it can control that an electromagnetic 
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wave leaks out outside the field of a two-dimensional photograph nick crystal, and is lost. 
[0049] 

Other examples of a configuration of the electromagnetic-wave-frequency filter which used the two- 
dimensional photograph nick crystal for drawin g 3 are shown. Two or more output waveguides are prepared 
in the photograph nick crystal which formed a body 1 1, a hole 12, and the input waveguide 13 like the 
electromagnetic-wave-frequency filter of drawing 1 (the output waveguides 141 and 142, ...), it connects 
with it at them, and the external waveguides 161 and 162 and ... are prepared. The punctiform defects 151 
and 152 and ... which have resonance frequency different, respectively are prepared between each output 
waveguides 141 and 142, and ... and the input waveguide 13. Here, the example which uses a straight-line- 
like 3 defective donor mold cluster defect for the punctiform defect 151, and uses a triangle-like 3 defective 
donor mold cluster defect for the punctiform defect 1 52 is shown. In addition, although 2 sets of output 
waveguides, external waveguide, and a punctiform defect were shown in drawing 3 , even if it is the case 
where these are 3 or more sets, it can constitute similarly. 
[0050] 

Each point-like defects 151 and 152 and the electromagnetic wave which has the resonance frequency of... 
are introduced into the output waveguides 141 and 142 and .. through each point-like defect by this 
configuration among two or more frequencies fl which spread the input waveguide 13, and the 
electromagnetic wave which f2, fh superimposed. This plays the role of the electromagnetic-wave- 
frequency filter which extracts two or more electromagnetic waves which have a different frequency to 
output waveguide. 
[0051] 

Other examples of a configuration of the electromagnetic-wave-frequency filter which used the two- 
dimensional photograph nick crystal for drawing 4 are shown. A body 1 1 , a hole 12, the input waveguide 
13, two or more output waveguides (143, 144, ...), and external waveguide (163, 164, ...) are prepared like 
the electromagnetic-wave-frequency filter of drawing 3 . In this example of a configuration, the same 
refractive-index variant part material 193 and 194 which consists of the ingredient of the InGaAsP system 
from which a refractive index changes, or an InGaAlAsP system, the same punctiform defects 153 and 154 
which embedded and ... are prepared by irradiating laser between all the output waveguides 143 and 144, 
and ... and the input waveguide 13. 
[0052] 

The resonance frequency of the punctiform defects 153 and 154 becomes fT, when not irradiating laser at 
refractive-index variant part material and irradiating laser at fl and refractive-index variant part material, 
and it changes with existence of laser radiation. The electromagnetic wave of frequency fl' which spreads 
the input waveguide 1 3 can be taken out to the external waveguides 1 63 and 1 64 and the external waveguide 
of the request of... by irradiating laser any one of the refractive-index variant part material 193 and 194 and 
the ... For example, in taking out the electromagnetic wave of frequency fT to the external waveguide 164, it 
irradiates laser at the refractive-index variant part material 194. In this case, it passes without being 
introduced into the output waveguide 143 since resonance frequency fl differs from the frequency of this 
electromagnetic wave in the punctiform defect 153, since resonance frequency is in agreement with the 
frequency of this electromagnetic wave in the punctiform defect 1 54, the electromagnetic wave of frequency 
fT which spreads the input waveguide 13 is introduced into the output waveguide 144, and it is taken out by 
the desired external waveguide 164. Thus, the punctiform defects 153 and 154 which embedded refractive- 
index variant part material, and ... play the role of the switch which operates by the exposure of laser. 
[0053] 

The example of 1 configuration of the electromagnetic-wave-frequency filter which used the terrorism 
structure two-dimensional photograph nick crystal for drawing 5 into the field is shown. A body 21 is 
divided into two or more fields (forbidden-band field), and a hole 22 is arranged different array periods al, 
a2, and a3 for every field. Although three forbidden-band fields 201,202,203 were shown here, a further 
different forbidden-band field may be prepared above drawing 5 . the array periods al, a2, and a3 of the hole 
32 in each forbidden-band field, and ... al>a2>a3 — it is made to become ... The input waveguide 23 is 
formed so that it may pass through all forbidden-band fields. The output waveguides 241, 242, and 243 
which have a flection like the electromagnetic-wave-frequency filter of drawing 1 , the punctiform 
defects 251, 252, and 253, ... and the external waveguides 261, 262, and 263, and ... are formed for every 
forbidden -band field. A straight-line-like 3 defective donor mold cluster defect is used for each point-like 
defect. 
[0054] 
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Actuation of the electromagnetic-wave-frequency filter of drawing 5 is explained using drawing 6 . The 
electromagnetic wave of the resonance frequency fkl of the punctiform defect 251 is introduced into the 
output waveguide 241 through the punctiform defect 251 among two or more frequencies fl which spread 
the input waveguide 23, and the electromagnetic wave which f2, fh superimposed. Similarly, the 
punctiform defects 252 and 253, the resonance frequency fk2 and fk3 of..., and the electromagnetic wave 
of... are introduced into the output waveguides 242 and 243 and ... through each punctiform defect. The 
electromagnetic wave introduced into each output waveguide is taken out by the external waveguide linked 
to each. 
[0055] 

When a punctiform defect is a donor mold punctiform defect, it is the same as that of the electromagnetic- 
wave-frequency filter of drawing 1 that the loss to the direction of the outside of a field of an 
electromagnetic wave can be controlled. Especially in case reflection of the electromagnetic wave in the 
forbidden-band field boundary mentioned later is used, it is desirable to use a straight-line-like 3 defective 
donor mold cluster defect. 
[0056] 

In a terrorism structure two-dimensional photograph nick crystal, the frequency bands of the 
electromagnetic wave which can spread the inside of the input waveguide 23 differ for every forbidden-band 
field depending on the array period of a hole 32 into a field. Therefore, as shown in drawing 7 , the 
electromagnetic wave of a frequency fa is not included in the input waveguide frequency band 312 in the 
forbidden-band field 202, when contained in the input waveguide in the forbidden-band field 201 at the edge 
of the frequency band 311 which can be spread. In this case, the electromagnetic wave of the frequency fa 
which spreads the input waveguide in the forbidden-band field 201 is reflected on the boundary 271 of the 
forbidden-band field 201 and the forbidden-band field 202. Since the electromagnetic wave of the frequency 
fa which spreads input waveguide will be reflected on a boundary 271 even if it passes without going into 
the punctiform defect 251 if the punctiform defect 251 which makes this fa resonance frequency is 
established, reinforcement of the electromagnetic wave of the frequency fa introduced into the output 
waveguide 241 through the punctiform defect 251 can be made high compared with the case where that 
reflection does not exist. If resonance frequency is in the edge of the frequency band of input waveguide, the 
above-mentioned conditions will be fulfilled. Such conditions can be fulfilled if the aforementioned 3 deficit 
straight-lines-like donor mold cluster defect is used. 
[0057] 

It is one of the causes which weaken the reinforcement of the electromagnetic wave introduced into output 
waveguide that an electromagnetic wave is reflected according to a punctiform defect. When the phase of an 
electromagnetic wave is reversed with the reflection in boundaries 271, 272, and 273 and the punctiform 
defects 251, 252, and 253, boundaries 271, 272, and 273, the distance LI between L2, L3 and ... are 
made into (2n-l) of the resonant wavelength of each point-like defect / twice. Thereby, boundaries 271, 272, 
and 273, the electromagnetic wave reflected in and the punctiform defects 251, 252, and 253 and the 
electromagnetic wave reflected by ... interfere, is controlled, and can raise further the reinforcement of the 
electromagnetic wave introduced into output waveguide. 
[0058] 

Not all the electromagnetic waves that pass through the predetermined range of output waveguide (for 
example, 141 of drawing 1 ) necessarily pass a flection (for example, 171 of drawing 1 ). Frequency 
dependent [ of the permeability of the electromagnetic wave in a flection ] is controllable by adjusting the 
period of the hole 12 near the flection, a configuration, and magnitude. The example is shown in drawing 8 
and drawing 9 . Drawing 8 makes smaller than the path of other holes the path of the hole 121 which is in an 
outside corner at the latest of the flection 171 of the output waveguide of drawing 1 . the case ( drawing 1 ) 
where the parameter about the hole of a flection is made equal to a perimeter at drawing 9 (a) — drawing 9 
(b) - the permeability and reflection factor of an electromagnetic wave frequency band of drawin g 8 — 
FDTD — the result calculated by law (time domain finite difference method) is shown. [ of a case ] In count 
of drawing 9 (b), the radius of the hole 12 of 0.23 a (a is the array period of a hole 12) and others was set to 
0.29a for the radius of the hole 121 of drawing 8 . By changing the path of the hole of a flection, the 
generalization frequency from which permeability serves as max can be changed to 0.267 (in the case of (b)) 
from 0.271 (in the case of (a)). Thereby, it is made in agreement with the resonance frequency 0.267 
(generalization frequency) of the aforementioned 3 deficit straight-lines-like donor mold cluster defect, and 
the electromagnetic wave of predetermined frequency can be passed efficiently. 
[0059] 
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In both the examples of drawing 8 , the resonance frequency of a resonator and the frequency of the 
maximum permeability of a flection are proportional to the array period a. Therefore, if the design of a 
resonator and a flection is performed about one resonance frequency, the resonance frequency of a resonator 
and the frequency of the maximum permeability of a flection can be easily made in agreement by adjusting 
the array period a about other resonance frequency. Especially this is useful at the point that it is not 
necessary to design a flection for every ******** field, when using hetero structure. Moreover, such control 
can be similarly applied, when other parameters of the hole 12 near the flection are adjusted. 
[0060] 

In preparing a trailer in one side of the both ends of output waveguide, it depends for the effectiveness of 
transfer of an electromagnetic wave with the exterior in an other end on the distance between a trailer and a 
resonator. About this, it calculates using the example shown in drawing 10 (a). Let into a port 3 the side 
which performs a port 1 for one edge of the input waveguide 13, and delivers and receives the 
electromagnetic wave of a port 2 and the output waveguide 14 for an other end, and let a trailer side be a 
port 4. A reflection factor is set to 0 in a port 1 and a port 3. A reflection factor is set to 1 for the reason of 
for example, a contiguity different refractive-index field existing in a port 2 side. The reflection factor in the 
port 4 which is a waveguide trailer is set to 1 . moreover, a port 1 - a port 3 — each of distance dl from each 
resonator, d2, and d3 is made into (2n-l) of resonant wavelength / 4 times (n is a positive integer). The 
result to which the distance d4 between a port 4 and a resonator calculated the reinforcement of the 
electromagnetic wave which has the resonant wavelength of the resonator between one to 1 .5 times of 
resonant wavelength to each port is shown in drawing 10 (b). This drawing shows that all the 
electromagnetic waves that have the resonant wavelength of a resonator are outputted to a port 3, when 
distance d4 is 1 .25 times the resonant wavelength. (2n-l) of resonant wavelength / in the case of 4 times (n 
is a positive integer), this corresponds the edge of output waveguide, and the distance between resonators. 
[Brief Description of the Drawings] 

[Drawing 1 ] The mimetic diagram of electromagnetic-wave- frequency filter ** using a two-dimensional 
photograph nick crystal which is one example of the electromagnetic-wave-frequency filter concerning this 
invention. 

[Drawing 2] Drawing explaining spectral separation of the electromagnetic wave in the electromagnetic- 
wave-frequency filter of drawing 1 . 

[Drawing 3] The mimetic diagram of one example of the electromagnetic-wave-frequency filter using a two- 
dimensional photograph nick crystal which performs the ejection of two or more kinds of electromagnetic 
waves or installation which has a different frequency. 

[Drawin g 4] The mimetic diagram of one example of the electromagnetic- wave-frequency filter using a two- 
dimensional photograph nick crystal which has the switch function which outputs the electromagnetic wave 
which has a predetermined frequency to desired output waveguide. 

[Drawin g 5] The mimetic diagram of the example of 1 configuration of the electromagnetic-wave-frequency 
filter using a terrorism structure two-dimensional photograph nick crystal into a field which is one example 
of the electromagnetic-wave-frequency filter concerning this invention. 

[Drawing 6] Drawing explaining spectral separation of the electromagnetic wave in the electromagnetic- 
wave-frequency filter of drawing 5 . 

[Drawing 7] The mimetic diagram showing the relation between forbidden-band fields about the 
transparency frequency band and resonance frequency of input waveguide in the electromagnetic- wave- 
frequency filter of drawing 5 . 

[Drawing 8] The mimetic diagram showing an example which adjusts the parameter of the hole of the 
flection of output waveguide. 

[Drawin g 9] The graph which shows the result of having calculated the permeability of the flection of the 
output waveguide in drawing 1 and drawing 8 . 

[Drawing 10] The graph by the distance between output waveguide and a resonator which shows the result 

of having calculated the reinforcement of the electromagnetic wave which has the resonant wavelength of 

the resonator in the edge of each waveguide. 

[Description of Notations] 

11 21 - Body 

12, 121,22 - Hole 

13 23 — Input waveguide 

14, 141, 142, 143, 144, 241, 242 - Output waveguide 

15, 151, 152, 153, 154, 251,252 - Punctiform defect 
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16, 161, 162, 163, 164, 261 -- External waveguide 

171 -- Flection 

172 -- Trailer 

1 8 — Predetermined range 

1 93 1 94 — Refractive-index variant part material 

201, 202, 203 Forbidden-band field 

271, 272, 273 - Forbidden-band field boundary 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 2 ] 
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[Drawing 3] 
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[Drawing 4] 
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[Drawing 5] 
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[Drawing 7 ] 
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[Drawing 9] 
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[Drawing 10] 
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